Spontaneous and induced neoplasms in monkeys have been reported infrequently. RATCLIFFE~~ and LOMBARD and W I T T E~~ have established that the incidence of tumors in nonhuman primates is low. Other reports have been made concerning the overall low incidence of neoplasms in monkeys. An aged female rhesus monkey (Mucucu mulattu) with multiple primary tumors, one with metastasis, is the subject of this report. She had received fractional doses of whole-body irradiation over a decade before.
Report of Case
On April 5, 1966, a 16 %-year-old female, rhesus monkey (Mucuca mzllattu) was received at the Wisconsin Regional Primate Research Center for hospitalization and clinical evaluation. This monkey had been used in testing psychologic learning and visual perception for the major portion of her adult life. She had also received 1,100 roentgens of whole body X-irradiation in fractionated doses of 400r in 1953,400r in 1954, and 300r in 1956. A firm protuberance of the frontal bone had been present for a year and had progressively increased in size. A second tumor in the region of the right tarsus had been present for 4 months without marked enlargement.
Clinical Course
The only clinical signs were visual interference from a large ulcerated mass that was firmly attached to the frontal bone ( Fig. 1 ) and a separate, soft, freely movable, subcutaneous lesion in the right tarsal region which did not appear to interfere with the function of the joint.
Radiographically, a rounded, smooth mass of uniform density protruded from and involved minimally the cortex of the frontal bone midway between the eyes; the thorax appeared free of any metastatic lesion. The lesion on the lateral Fig. 1 . Advanced osteogenic sarcoma of the frontal bone before resection of this tumor.
aspect of the right tarsus was radiographically definable as a circumscribed mass with the density of fat and did not appear to involve the bone or joint capsule. Based on frozen sections of incisional biopsies, the former tumor was compatible with an osteogenic sarcoma, the latter a lipoma. The neoplasms were removed surgically. The osteogenic sarcoma was incompletely excised because of periosteal involvement of the frontal bone. The lipoma was successfully resected from the tarsal subcutis. The monkey was subsequently returned to her permanent quarters at the Psychology Department, University of South Dakota.
Recurrence of the frontal osteogenic sarcoma necessitated a second surgical removal of the tumor on June 11, 1966(1) . This neoplasm again recurred and the physically deteriorated monkey was returned to the Wisconsin Regional Primate 
CHAPMANIALLHN

Observation on Surgically Excised Tissues
The tumor of the frontal bone had a large superficial ulcer. Within the crater of the ulcer was an accumulation of sanguino-purulent material. The underlying mass was 4 '/z x 4 x 2 1/2 cm and weighed 29 g. It was firm and greyish-white with a hemorrhagic center. The tarsal tumor was 3 '/z x 3 x 3 cm and weighed 11.5 g.
A portion of its epitheIial surface was also denuded and the underlying tissue was covered with a purulent exudate. The cut surface of the tumor revealed a yellow, glistening fatty tissue.
Microscopically the tumor of the frontal bone consisted principally of fibrous connective tissues and osteoid. Some areas of the tumor contained approximately equal amounts of the 2 components, but in other areas fibroblasts predominated (Fig. 2 ). The osteoid tissue had a pleomorphic outline, was composed of structureless rather homogeneous material that contained distinct lacunae, and stained blue with Masson's trichrome and Koneff's stains. The fibroblasts were long and slender with a moderate amount of eosinophilic cytoplasm and oval to round nuclei; moderate numbers of collagenous fibers were apparent between them. The fibroblasts and collagenous fibers formed interdigitating networks among the spicules of osteoid tissue. Small endothelial-lined spaces occurred throughout the tumor.
There occurred in a portion of the tumor a well-demarcated cellular pattern consisting of fibroblasts in row-like or alveolar-like arrangements with small intercellular spaces separating the groups of cells. The cells were slightly larger and had lighter staining cytoplasm and more voluminous nuclei than the more closely packed fibroblasts of the tumorous tissue previously described. Osteoid tissue was absent in this portion of the tumor. Abundant small capillaries were dispersed among the fibrous elements. It appeared that this portion of the tumor was the most rapidly growing because this cell type had invaded the marrow cavity of the frontal bone and was predominant at the periphery of the tumor.
A connective tissue capsule was lacking. Mitotic figures were very sparse; however, neoplastic nuclei were moderately hyperchromatic. Foci of lymphocytes, plasma cells, and polymorphonuclear leukocytes occurred at the poorly demarcated dermal-tumor junctures.
The tumor of the right tarsus did not involve the skin. It had a thin, fibrous capsule, and sparse, widely distributed vascular channels, and scant stroma, and consisted of vacuolated cells with eccentrically located nuclei.
Necropsy Findings G?"O.l"S
A hard tumor of periosteal origin was firmly attached to the frontal bone. It extended 3 cm above and 2 cm below the eyes and involved the medial canthi of both. The frontal bone was roughened, had a spongy appearance, and was more extensively involved than in the original tumor.
Throughout the lungs were multiple, small white foci measuring approximately 2 x 2 x 2 mm. There was also a single, small, white 2 x 2 x 2 mm lesion in the cortex of the right adrenal. On one lobe of the thyroid was a well-defined (Fig. 3) , and was brownish-yellow with a hemorrhagic center.
Microscopic
The outgrowth from the frontal bone was composed of cells that generally resemble those of the previously described, surgically excised tumor except that osteoid was less abundant and fibrous connective tissue elements were more prevalent. Neoplastic cellular elements had replaced portions of the marrow in the frontal bone.
A small portion of the capsule of the right adrenalappeared thickened. Fibroblastic-appearing tissue similar to that observed in the frontal region had replaced portions of the zona fasciculata and glomerulosa. In one area this tissue extended from the capsule through the cortex and into the medulla. Some groups of these cells had a whorling, interdigitating pattern between the surviving adrenal cells while other groups were arranged in distinct sheets. The invading cells had oval to spherical nuclei with distinct nucleoli and abundant chromatin, very sparse cytoplasm, and a long, slender outline. Some cells within these groups were markedly hyperchromic; however, distinct mitotic figures were absent.
The numerous small tumorous foci in the hngx were structurally similar.
C N A P M A N J A L L E N
These lesions were well circumscribed but did not have a connective tissue capsule. There was an abundance of fibrous stroma between the cellular elements. The cells had rather indistinct boundaries and a majority contained round to oval nudei with distinct nucleoli and rather sparse chromatin. The cytopIasm of many cells contained numerous vacuoles. However, in other cells it was eosinophilic and fibrillar. A few widely dispersed cells were markedly hyperchromic and their nuclei assumed many bizarre shapes.
The thyroid had a well-circumscribed area that consisted of n'imerous markedly dilated follicles, separated from each other by sparse connective tissue, and a few capillaries. These follicles were lined by flat epithelium and their lumina were filled with homogeneous colloid. Other enlarged isolated follicles occurred in the vicinity of the circumscribed lesion.
There was a sharply defined lesion consisting of three adjacent well-defined cavernous areas in the central lobe of the h e r . Peripheral to the endothelial-lined cavities were abundant collagen fibers that formed their outer wall. The lymina of these cavities contained eosinophilic fibrinous material, red blood cells, neutrophils, and lymphocytes.
The tumor at the superior pole of the right kidney was composed of welldifferentiated cells arranged in large sheets and acinar-like groups (Fig. 4) . These large round to oval cells had abundant faintly eosinophilic cytoplasm and oval moderately basophilic nuclei with distinct nucleoli and abundant, widely dispersed chromatin. Mitotic figures and cellular pleomorphism were inapparent. Blood vessels were relatively abundant in the tumorous tissue and hemorrhage was common in the central area of the tumor. The stromal tissue was rather sparse. There was an occasional long fibroblastic-appearing cell with a hyperchromic nucleus and abundant, homogeneus material which was PAS-positive and distinctly blue with Masson's trichrome stain. Reticular fibers, as stained with Gomori's reticulum stain, were scant within the tumor. There was an absence of a distinct connective tissue capsule separating the tumor from normal renal tissue. Expansive growth of the tumor resulted in atrophy and fibrosis of adjacent renal tissue.
Electron Microscopic Findings
Small portions of the tumors of the frontal bone and kidney were cut into sections approximately 1 mm3 and fixed in Caulfield's fixatives, dehydrated, embedded in an Araldite-Epon mixture16, and sectioned ultrathin. Electron micro- scopically the tumor of the frontal bone consisted mainly of fibroblasts and collagen. The cellular outline of the fibroblasts was very irregular and undulating. The mitochondria were large and evenly dispersed throughout their cytoplasm. Abundant cristae extended into the mitochondria1 matrix. The granular endoplasmic reticulum was abundant and formed numerous pleomorphic cisternae. Free ribosomes were dispersed throughout the cytoplasmic matrix. The Golgi apparatus consisted of multiple lamellar and vesicular structures which were located primarily in close proximity to the nucleus. The large, irregular nuclei contained distinct nucleoli and abundant chromatin. The chromatin was parricularly dense along the nuclear membrane. There were numerous collagenous fibers in theextra-cellular area ( Fig. 5 ).
Ultrastructurally the cells of the renal tumor were pleomorphic in outline. Their plasmalemmae were in contact with a relatively wide, homogeneous band of electron-dense material that contained some fine fibrils and granules and resembled a thickened basement membrane. An occasional desmosome formed attachment sites between the cells. The internal surface of the plasmalemma contained numerous microvesicles. Within the cytoplasm were abundant tonofibrils, extremely sparse endoplasmic reticulum, widely dispersed, round to oval mitochondria, and abundant matrix. The Golgi apparatus was small and vesicular. The large, round to oval nuclei had abundant chromatin that was condensed along the inner nucleolemmal surface (Fig. 6 ).
Discussion
Diagnoses suggested for the primary tumor of the frontal bone were osteogenic sarcoma and periosteal fibrosarcoma. Although radiographs indicated minimal lytic destruction, suggesting a less aggressive behavior than usual for an osteogenic sarcoma, the diagnosis of osteogenic sarcoma was proposed on the basis of gross structure of the tumor and the abundance of osteoid as a histologic feature.
An elevated alkaline phosphatase was considered as supportive evidence. The histologic features and differential staining characteristics of the pulmonary and adrenal tumors were similar to the cell types of the rapidly growing portion of the tumor of the frontal bone. These observations support the opinion that the tumor of the frontal bone was a primary osteogenic sarcoma that metastasized to the lung and adrenal.
The possibility that the neoplasm in the kidney was metastatic osteogenic sarcoma was eliminated by differential staining which revealed osteoid to be absent and fibroblasts to be minimal. In addition, fine structural studies disclosed the presence of tonofibrils and desmosomes indicating an epithelial origin for the renal tumor. Gross and histologic features were compatible with a renal carcinoma.
Fdg. 6 . Electron micrograph of the renal tumor. Thick, rather homogeneous material separates the cells. Microvesicles (+) are abundant along the inner surface of the plasmalemma. Tonofibrils (T) are abundant throughout the cytoplasm. The endoplasmic reticulum (ER) is sparse. Mitochondria (M) and free ribosomes (R) are dispersed throughout the abundant cytoplasmic matrix. The chromatin material (C) is clumped along the inner surface of the nucleolemma. Uranyl acetate stain, x 13,600.
C H A P M A N I A L L E N
The small abnormal growth in the liver was considered to be a cavernous hemangioma. Possibly the lesion was nothing more than a hamartoma. The presence of erythrocytes in the endothelial-lined lumina differentiated this tumor from a lymphangioma.
The circumscribed subcutaneous mass of benign lipoid cells on the extremity was a lipoma. The possibility that the mass constituted a normal fat deposit was eliminated on the basis of its anatomical location.
Spontaneous and induced neoplasms in monkeys have been reported infrequently. R A T C L I F F E~~ and LOMBARD and W I T T E~~ established that the incidence of tumors in nonhuman primates was low. Other reports have been made concerning the overall low incidence of neoplasms in monkeyslo. 1~1 8 , This case was unusual in view of the multiplicity of neoplasms which included an osteogenic sarcoma of the frontal bone with metastases to the lungs and adrenal gland, a renal adenocarcinoma, a subcutaneous lipoma, and hemangioma of the liver.
Spontaneous occurrence of osteogenic sarcomas in rhesus monkeys was recorded by BRAG@, LOMBARD and W1TTEl4, and KENT and PICKERING~~. A sarcoma of the bone was reported in a Lemur catfa by WAR WICK^^. P E T R O V~~ reviewed 9 cases of radiation-induced bone sarcomas in monkeys. There was no specific evidence that the osteogenic sarcoma reported here was irradiation induced, but the feasibility of such induction cannot be discarded.
Osteogenic sarcomas have been reported to occur most commonly in the long bones of the limbs of man13 13 and lower animalsQ. However, there have been reports of the occurrence of osteogenic sarcomas in the cranium of dogs39 4 , 8 , 1 9 . Lipomas have been seen previously in 2 other monkeys at the colony of the Wisconsin Regional Primate Research CenterG. Both of these lipomas were situated on a distal extremity. RATCLIFFE~~ reported the occurrence of a lipoma on the body wall of a female Cercopitbecus diaHa. A lipoma of the choroid plexus has been observed in the rhesus monkeylo. This benign tumor has been reported frequently in domestic animals17 and man243 27. Lipomas have been observed predominantly in adult and aged animals of all species17.
Four cases of renal carcinoma with familial occurrence in the Macaca muZatta were previously reported by RATCLIFF@. A renal carcinoma in the Cebus apellaZ5 and a malignant renal adenornazg were also reported. In the human, renal carcinomas have been reported as the most common type of tumor of the kidneyl5. MOULTON17 observed that renal carcinoma is relatively rare in all species of domestic animals but these tumors have been reported in dog, ox, cat, and horse.
A review of the literature failed to disclose previous reports of hemangioma of the liver in monkeys. However, subcutaneous hemangioendotheliomas were reported in the tibia1 region12 and in the lumbar vertebral region in monkeyslo. Cavernous hemangiomas of the liver in humans occurred most frequently in older females. The lesions were most often small (less than 2 cm) and solitary; however, they were on occasion multiple. The majority of these tumors were small and asymptomatic7. I n domestic animals hemangiomas of the liver have been reported most frequently in the canine and bovine species26.
The nodules in the monkey thyroid gland were similar to those described by WARREN^^ as nodules of adenomatous goiter, being multiple, poorly encapsulated, and of variable structure. The nodules seen in this monkey thyroid were not considered to be neoplastic.
The clinical course, radiographic description, hematologic changes, histopathologic evaluations, and electron microscopic findings are presented on an osteogenic sarcoma involving the frontal bone of an adult female Macaca nulatta, with metastases to the lungs and adrenal. In addition, this monkey also had a subcutaneous Iipoma of the leg, a hemangioma of the liver, and a renaI adenocarcinoma.
Zz#summenfusmeng
Bei einem erwachsenen weiblichen Macaca mzdatatta Affen werden klinischer Verlauf, radiographische, hamatologische, histopathologische und elektronenoptische Befunde eines osteogenen Sarkoms der frontalen Schadelknochen mit Metastasen in Lungen und Nebennieren beschrieben. Der Affe hatte ausserdem ein subkutanes Lipom am Bein, ein Hamangiom der Leber und ein renales Adenocarcinom.
